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actual observed 
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were then compared with duct 


wees and SSTs. Wage Va COn@asms thes tebulered resul=s. 
Memmeema that KMS error in dust spzcifications due to peten- 
f*2ai SST measurement error are acporoximatelvy double the RMS 
S@eot due tO po~enztial wWinad msaguremen*t 2rrer, os: asain 


memesonably corciude SST detarHwiretion is the more critical 


Gmmene =WO pertameters, iG Gis SItje=[e2iave) =O ESCOGCnh Ze chet 
feemeeerd Fes @ much wider tanga <:€ variability than the SST 
end accurate specification of both parameters are important 
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Combined RMS error: SSz DOLE. WIND 
1714 top ae 
104 base 59 
107 ‘hick n= sc Zz 
* hsights in meters. 
The model's demenstraeted sersitivity to sea surface 


MeGperature points to the need for accumacze SST determina- 


ot S. Current metncds *o0 me32sure sé3 surtace temperature 
meme i ude; Hemi Chimg Sea Weer LnjJecte em). ceonpsSzacurs (20-40 
Meme penecacth the surface); utilizing BF Arops (get tempera- 


Semmena. abou> 1 22.); and the bucket and thermometer method 
WGee temperature of too few inches). None of these metneds 


Peeeeaethe sea surface skin temperature which is the quantity 
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Pipe crave =he evolution of <h2e mixed layer, the inversio:, 
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Meemeenus ducting conditions of the lower atmosphere. 
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The 0523402 February 1980 sounding wes used to test 


model sansSitivity to varying subsidence rates. The hindcast 


mn 


ubsidence was -.0030 m/s (Table II) which resuizted ina 


edicted 395 meter thick elevated duct with the tsp az 740 


© 
ry 


feeeets 2levation and the base at 345 meters. Subsidence was 


Vertied from this baseline valua and deviztions in the pre- 
dicted duct height and thickness were recorded. pies hie. a 


ticular sounding was chosen b2ctause the asscciated initial 
and verifying ducts were elevated, which allowee “he varied 
Pueegence ce affect the position af the «predicted duct in 
DOcth tne upward and dewnward directions. 


Hethe Gguet peedictions c2suleing Heen subsi- 


Deviations 
Mermee Specitecation errors of +/- .0030 m/s ame 245m at the 


meen 209 m at the base, and 25 min thickness {fable VII). 


PeeOrs resuiz~ing from assuming persistente in duct heights 
Meee Lit) ere apprceximately equal to the ¢ezrers resultin 


Memo Subs: Gence specification error 25 +f/- .703G0 m/s. 


Beem OMprovement over persistsace sniy wher subsidence can 
Beme-oec. ©: ed to within +/- .0030 mss. 


Mem tangde o£ sursidenca calculated during the shert 
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Peclacd from 6 +0 22 February 1980 in the data area was 
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moors £O —. 0075 -.00525 +/- .0022 


an 


m/S Or 


mes tO be a normal range of variabil:i*: 


meee, —~.90525 m/s, 


G-eesubsidence, then the "climatclogicai" y 


be less thar the +/-.0030 m/s marginal 


Bone!us: on, Dased or a Mmited data =e, 


cate that a climatological subsidence value 

duct height forecast which, oon the averages, 

cver persistence or a forecast of no chang. 
Mi -cali-~y, e¢xzro7s will not ba confined 


Smone, bux will be caused by arrors in 


weeoa@ and SST. While SST, wind, 


mes ect~ing a= tines, there will be 


due +o assuming 


2.0.5 


364 mat the top and 214 m at the base 2£ 
Mocks dGitrteztence of approxinately 200 o at 


mat the base indicate the maximum juct high 
merece due tO Subsidence specification error i 
io ml. Paom table VI, the subsidence spec 
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expected to produce this 130 m duct height Sr eon. 2se=) opC Ke ~ 
mately +/- .0015 m/s. 

From the cases (Table IIT) 1 Neewes S the best possibls 
estimate of subsidence, zhe hindcast value, was used, the 


FMS mod2l prediction error averages 143 m less than persis- 


momGce st ror. tow i be shows lactem {hat LE subsidence is 
allowed to vary from this "best estimate", a deviation of 


merce +7/- .0017 m/s will produce the aiditional 143 a error 
in height of duct top and basse necessary <co render the pra- 
G2ction no better than persistence. 

[MmuecOPGiusion, evaluations of the notel with che date 
indicats that with the expected SST and wind measurement 
Saeors, Ssubsicence muse be specifiel to within +/- .0015 m/s 
Meee h= model to consistently dutperforn persistence. Tas 
Pmeetved ranqe of sutsidence variablity from “+his limited 
@eememese: Cf +/- .00225 m/s 2ftfactively rules out =he use of 


pepeeeetie=+Clogical subsidence as 2 viable input paramets=. 
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Mic siamo CONSI@erec "Onin tectical application of the 


Meet “5S the recognition of its capabilities and iimita- 
aon S. Ho2eecan De used ©o estimates when low clouds or fog 
can be expected *o form. It can be us2#d to estimate the 


expected position of low elevated and surface based ducts 
below 1200 m over an 18 - 24 hour period. However, it can- 
Memmerredict information on upper ievel ducts. 

Poe eaGe2cal significance of knowing up to 30 hours in 
advance that visibility may be reduced or a2 low ceiling 
daveloped mwemcepend On Currsnt and platted oOpetatiocs. 

' 
Tae results presented in Chapter iV B indicate that the 
fete@e! Gases weil in predicting low level stratus/fiog. 

men £Cd Of low level stratus clouds ire predict2d, the 
POvlOw-ng possible effects 3n Own and enemy forces in 2ach 
warfare area Should be considered: 

(1) maneuverability restricted 

(2) lcst or reduced visual signalling capability 

mye credquced visual target detection/identification 

(4) degraded optical equipment performance 

including IR weapons 2nd s2nsors 


foie shampered fTiigqht operations for carrier based 
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epeecrar=s and LAMPS 
Tactical employment of Naval assets requires a knowledge 


MMe ve State Of the Environment if thds= assets are +o be 


emplcyed effectively. LOetiak- Sra. ITREPS (Integrated 
Refractive Effects Prediction System) was developed. When 


mec SONGS date are input to IREPS, a refractivity profile 
Memoaenerated which 1¢ utilizei to ds¢fine the location cf 


Guete and to assess rader coverage, ESM and communica~ion 


Fecause Sscundings are normally taken only cncs or twice 


’s 


i22iv from aircraft carriers and the atmospheric boundary 


c 


.2yer undergcees change, there exists a r¢2d *o be able -o 
Deedict changes in che réefractivity profile between sound- 
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mes. Fh2s prediction can be critically important +9 batt 
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atazvVed in Chapter 
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fit=sauec=] Prediction capability, as 


fen, CLOVides a Significant planning tool. Tactical useage 
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femmee 1NCtT Eredictions stems from the effects of ducts on 
Bas propagation. Peo@dscticn™ Of 2U0Stresace= based Sduct=™ 2neai- 


able extended ranges for transmitt+teéer-receiver 
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Ar example cf how the 


muse above the duct for antennas in, 


credicted M profile may 


etOiren LREPS 
emi=eers. 
“face 
cd mocel predicted 


eons £2ons were 


eS hn ard =h-¢ 


Penh excess of 100 
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and coverage diagrams 


search radar urnd3sr observad 


Gor ract ive 


fOrvwsleauece = 


Prcdiveeed Condi <2on> 
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be used as an 


meat, o2 bDEeLOwW 


environmental 


generated for 


This procedure was us2d with a hypothe-- 


eho mse TREPS 


Coe 


7.7 (unclassified) was used cto gan3rate the coverage 
$. Radar parameters for the hypothetical radar were: 
Peet) f£t., anzwenna type sin(x)/x, vertical been 
Peeciva-2en angle 09, tEzéeés Space Eange 55 nautical 
rea Irequency 5 Ghz. 
meveerOwnmam e2gS, 14 and 15 is =h] model's value in 
Meee mw OcGcisance Of low level iiuc«*s. The radar 
weet Gs 25 S27 Onit cart ian thafu@ehe initial pro- 


Sco on sous 


were for detec- 


{py 


Bio 2d 6G cd propaga =2 on 


those observed. 


mod2l might be used cperationally 
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the force, 


come rto a © ©. Maco meUeac = cos -Soleorcs. 


~. and sucface observations are input 


sland a 30 OUR Dredzectiorn is made. 
Hee Orl ls 2S eaepleweo £REeS end 
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‘ebruary 1980 when an elevated duct became sur- 


th 
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ead, many tactical consijierations are involved. Sup- 
pose tne battie group wanted +> avoid detection by an enenv 
me=ce —8 the region. Forewarned that surface based ducting 
Weemexpocted “OS occur in 12 to 18 hours and that UHF radio 


transmissions, normally useful between ships only up to 25 


fu 
rv) 
te 


=9 3) nauticzi miles, could bs detecte ranges in excess 
See 00 2autscal miles due to ducting, the battle group con- 
mandéer would be able to impos? a more restrictive EMCON con- 
@eee2ocn 2m adequate time tc prevent hostils intercept of the 


Peete Ss Ubancsniissions. MIGetOativety,. “<fheehe "be-ctle g=eeup 


search 


ip 


commander expected +0 be opposed by active surfac 


Bei, he could: initiate a preemptiv2e attack before his 
presénc= was exposed; steam out of ranae; or, relax EMCON az 


mee epprcporiete time. 
For @ battle group in a multithreat environment, early 
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epee O the pettle grecup's offensive capability. Pies 12-20 
18 hour advance notice of surface based ducting provides the 


@=2cal Dianner the ‘ool necessary to use his limited surz- 
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SPeltdacwrs 42paq the efiectiveness reaquirei for early threat 
erection. surface Ships could be positioned in such a way 
as to take maximum adventage of the extended surface search 
radar ranges afforded by the sarface based duct. Airborne 
surveillance essets, freed from task of surface surveil- 


cr 


Bemee, could concentrate their efforts toward detecting and 


Meeks nj air tarcets . The mst reecuae is snereased fotce 
petect.veressc. Depending on the battla group's speed and 


the picket station assigned, the surface ship may require 
several hours *o reach the assigned station, thus making the 


the more important. 
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jead tine provided by the 
Mrwt.iMing C= War at sea strikes to ccincide with pre- 
Meieeea OCCUrTence of # surface based duct could give consid- 


Peetoe AGVanitaqe =o the stiik= aircraf= by enabling them to 


Deen psedicted holes “3st ebov? the duct <*0 pénetrate enemy 
mee tlence and <o uS® the duct for targeting and jamming. 
[oeesuch a case, a 1zZto 13 hour prediction provides time +o 


—mmeemem’ssi0n tactics, arm aircraft, and conduct missicn 
mets. 

When sonobucy pat*erns are laid and nonitored by LAMPS, 
@eemconsitra-nt on placement of che bouye is LAMPS’ on sta- 


*20n endurance. When a surface based duct occurs, sonobouvs 
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can be monitored a+ greater distances. BSeavecr2 on =n 
aivance of surface based ducting provides the lead time nec- 
essary to plan and lay bouy patterns at distances from thea 
battle group which take advantage cr the extended monitoring 


range. 
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VI. CONCIUSIONS AND 


Pie Taceucal Env =Onmeneat Stepare System (7T28SS), cur- 


ig 1 nGemerm: ts Vamomws Ssatellc+e 


je 


rently under aevelopment, w 
derived products, and single station as.;essnent systems such 


as IREPS and the NPS mixed layer meoce.. Titcwewell place 
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state of the art environ: predictive capa- 
bility at the disposal of those who need the information: 
the operational commanders. 

Based on evaluations with a limited data set, the NPS 
model has been demonstrated -o perfortn well both in preée- 
Meeetcns Of low level cloud formation ani in predictions of 
low elevated and surface based ducts. PUSSReY Woe i aS 
meggercd to cetermine the model's rangs 29f applicabili- 
both geographically and seasonally. hee Ss ~hetlieved 2haz 


feen sibsidence can be spesified with an accuracy of 


ip 


+/-.0015 m/s, =zhe mocei can be used <9 accurately forecast 


ty 


low ilevel ducts. THO additional recommendations are 
Getailed in the following paragraphs. 
In tactical situations where the outcome may depend on 


@ccutecy of duct predictions, a method is needed to verify 
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the prediction. A radiosonde Launch may be impractical due 


ts 


me EMCON conditions. AN acoustic souni2er can be used to 


—— 


measure the height of the inversion which, as shown in Fig. 
Bee GOLrecspends *o the top er the duct. Davidson , et al 


Mee) yeewhile conducting marine atmospheric beundaxy layer 


Mermseerch, Utiirized the economical acoustic sounWert o1 RR. V. 


}-9° 


ACANIA to monitor invers 


Onna ag i. Usi2s 2 Sambo metion of 
memey cadiocondes, NPS model duct predictions, and beriodic 


meoiet.c SOULdings to track the inversior height would pro- 


vide improved capability to use the environment. Cees 
MmEweerore reecnmmended that Similar acdustic souniers be 


m@ecall=d on aircraft carriers. 
DecSs= mining appropriate temperatures and humidity pro- 


me@ees  ialltr2ng inatiel2zation 2f the model £5 a possible 


source of error. here nem cwe-Sehnoolis of thought which 
Meme est ON the appropriate height foryehs inversion initial:i- 


Zac ion. Sounding data cypiczlly show the inversion asa 


Pecegu fes aa 
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Meyer 100 to 200 meters thick, while the omsd 


Single height to be s uaqgests that the 
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bottom of the inversion layer is best while the second suaq- 


gests that the midpoint of the Layer is mos* reasonable. 
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The work in this thesis used the forner method. The 
me@e! preditcrions {Table Zit) show a bias in that neariy ali 
of the predicted duct heights are lower than those observed. 


This seems tc indicate that inversion heights ¢ghcuid be 


als 
os 


j +e 


dig zed at +he midpoint of the layer instead of 2#t the 
bottom. It is recommended that further worx be dene in «his 


20a to establish a mere objective method of digitization. 


The NPS atmospkeric boundary layer model could provide 


} 4e 


mime f£l2=et a predictive capability and *actical olanning 


sao]. Concidesnemen Should ba given to e2natroducing 22 into 
the fles+ for operational evaluation. Peeenesd Ges sede == 


Stand the model assumptions in crder => 28s2¢Ss model #poii- 
Sees Y 2n a@ given environmental situation, zhe «eed for 
accurat= subsidence estimates, and the reqguiremenzt for f2ur- 
mee Wind predictions preclude model iastalléation except 


where gquaiified personnel are assigned. In shis reyerd, the 


Geme! Should be Mmstalled at locations {2airerart carriers) 
where there are Geophysics Officer Mncwecat GPserprst and 


Mee ths mOodei as 2 tooi along with other meteorsicyical 


mycOrTnetion. 
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